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% (57BL/6 mice are implanted with 5x105

%+ Understanding the role of immune cells is in vivo is important for a number 3 cells in 100 ul MRl acquisition

: : : : . Implant C3
of disease processes, particularly with cancer and immunotherapies. &CD8+ cells are isolated from disease Cells solate and culture Lo calle .
* Magnetic resonance imaging (MRI) can be used to monitor immune cells in matched GFP mice & cultured in vitro for 7 =) %ii“;;fﬂ:’tgﬁg mp  WINSPIO T '”’Egéﬂ‘izﬁfed
vivo by labeling with a superparamagnetic iron oxide (SPIO) contrast agent. days ’/‘ GFP mice Sl (+24h)
< These methods allow us to detect immune cell recruitment and migration ** Cultured cells are loaded with ultra-small
patterns by acquiring MRIs and analyzing changes in image contrast within a SPIO by passive incubation for 24 hours
region of interest. % Cells are delivered via tail vein injection 24 \
¢ Traditionally, we have used a bSSFP MRI pulse sequence to perform studies hours are given for initial cell migration
evaluating SPIO labeled components'. Unfortunately, this sequence lacks ** Mice are imaged according to the Imaging
specificity in detecting the contrast effects of SPIO. Labeled cells can be Methods protocol FIGURE 2: A summary schematic of the general method showing the steps from tumor implantation to imaging
detected by an increase in negative (dark) contrast, but necrosis results in
similar contrast. This was confirmed using simultaneous positron emission
tomography (PET)/MRI (Fig. 1). e h
% Additionally, the previous method does not support true quantitative
evaluation of cellular recruitment. < o
“* We propose use of a second sequence, TurboSPI?, that has greater specificity
and supports cellular quantification. IMAGE ANALYSIS
% After data acquisition, the under-sampled TurboSPI images were reconstructed
using a supplemental guide image acquired immediately before the TurboSPI scan
“* R,* relaxation rate maps were calculated from the reconstructed multi-echo
TurboSPI data. These maps are aligned with the axial slices of the bSSFP image and
the set are analyzed in tandem.
% Figure 3 shows an example image set using this technique. The R,* map in b)
ShOWS RZ* Value by plxel intenSity. It iS nOt dan ir'On Sp€CiﬁC metriC, bUt anaIyZing RZ* . Signa'l Time' Cour§e Region1 . Signa'l Time' Cour§e RegionZ " Signa‘I Time‘ Cour_se Region3
value combined with the signal time course gives us information on iron content in - . .
regions of interest. % %i %i
“* The time course of the signal in c) shows a voxel with suspected SPIO-labeled cells, E:ﬁ g g
d) shows a periodic time course from a fat voxel, e) shows a time course indicating g. g g
the presence of both fat and iron from a voxel in the fat pad anterior to the tumor. |
“ Interestingly, labeled CD8+ T cells seem to be primarily located at the tumor ) Ems ) TE (ms ) TE (ms
periphery, not in the central regions FIGURE 3: Upper row: a) is the bSSFP MRI reconstructed in the axial plane, b) is
an R,* map (pixel intensity in s') overlaid on the bSSFP slice that shows a
FIGURE 1: Upper row: MRI obtained using bSSFP in sagittal (a), coronal (b), and distribution of R,* in the same plane. Region 1 indicates a pixel with a significant
axial (c) planes. Negative contrast in the center of the flank tumor suggests amount of iron in the tumor, Region 2 indicates signal from pure fat
SPIO uptake or necrosis. Bottom row: 18F-FDG PET/MRI overlay in sagittal (d), QUANTIFICATION % R,* calibration was performed for (oscillations are fat specific) and 3 suggests a combination of iron and fat.
axial (e), and coronal (f) planes using PET data obtained simultaneously with the e cellular quantification purposes & Bottom row: the MR signal time course for region 1 (c), region 2 (d), and region
MR.data. A necrotic core is confirmed by low 18F-FDG activity aligned with the 240 R2" Calibration Samples were prepared with known 3 (e)
region of negative MR contrast. 250 R2* = 0.018929¢c + 243.9122 cell concentrations and the bulk R,* ERIFICATI
‘.-:300 was calculated using line width \4 ON
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¢ SPIO nanoparticles have high magnetic susceptibility. They locally alter the hcentration (cel/mm ™) % For example, the voxel indicated by calls. Celle were labeled a) b)
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?Pal%”ae::hff:ga':e?e MRI scanner. The R,*(s") relaxation rates of protons near FIGURE 4: R,* calibration for different region 1 in Figure 3 has with DAPI (nuclear  FIGURE 4: a) DAPI stained cells in a tumor at
concentrations of SPIO loaded cells. approximately 540 cells/voxel stain), and iron label has ~ week 4 b) Rhodamine B positive (i.e. SPIO-

<+ All MRIs are obtained on a 3T pre-clinical Agilent (Menlo Park, CA, USA) Rhodamine B attached. labeled) cells in the sectioned tumor
scanner:

% Balanced steady state free precession (bSSFP) is performed first for high- g A
resolution anatomical images (TR/TE = 8/4 ms, o = 30°, 4 phase cycles, 4 averages,
256 X 170 X 170, FOV=38.4 mm x 25.5 mm X 25.5 mm, t=64min) < 4

% high signal to noise ratio (SNR)
% The R,* mapping that is performed using TurboSPI offers more information than the bSSFP images. The specificity of the TurboSPI analysis results in more “true

> hign resolution positive” regions and therefore more accurate evaluation of cellular recruitment. Furthermore, the R,* mapping and calibration provides superior cell
¢ sensitive to SPIO effects3 quantification to previous techniques. We are currently evaluating the quantitative results of CD8+ T cell recruitment in a tumor model

*  TurboSPI is performed second (TR/TE g, ,.= 250/10 ms, ETL=8, ESP=10ms, 96 X < We suggest that the imaging protocol for SPIO labeled cell tracking is most powerful when the two sequences, bSSFP and TurboSPI are used together,
96 X 48, FOV=30 mm x 30 mm x 30 mm, t=28min) incorporating the strengths of each technique: the specificity and quantification from TurboSPI, and the resolution and SNR of bSSFP.

% quantification capabilities % Parallel work is currently being performed using these cell tracking techniques to investigate the cellular response to different immunotherapy treatments (see

% higher SPIO specificity poster by Tremblay et al.). CD8+ T cells and dendritic cells are being studied, particularly their response to immunotherapy, specifically a peptide-based vaccine, a
checkpoint inhibitor and a combination of both therapies.
“* TurboSPlI is a multi-echo single point imaging (SPI) sequence that is accelerated

through  compressed sensing techniques. R,* maps are calculated from
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